Electron attraction and chemical bonding  by Greenspan, D.
PERGAMON 
An International Journal 
computers & 
mathematics 
with applications 
Computers and Mathematics with Applications 38 (1999) 217-227 
www.elsevier.nl/locate/camwa 
Electron Attraction and Chemical Bonding 
D. GREENSPAN 
Mathematics Department, University of Texas at Arlington 
Arlington, TX 76019-0408, U.S.A. 
(Received and accepted December 1998) 
Abst ract - - In  recent years, electron attraction, real or apparent, has been studied in various 
areas of science and technology. By simulating the dynamical behavior of the molecules H2,Li7,B~ 1 , 
C12 ~,T14 O16,LiTH, CH4, and H20 in their ground states, and H2 in its first excited state, we show 2 ~2 , 
that the inclusion of electron attraction in the simulation yields, in all cases, correct bond lengths, 
correct vibrational frequencies, and, where significant, correct bond angles, whereas excluding electron 
attraction ever does. (~) 1999 Elsevier Science Ltd. All rights reserved. 
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INTRODUCTION 
Since the seminal paper of Bardeen, Cooper, and Schrieffer, the phenomenon of like charge 
attraction, real or apparent, has received attention in various areas of science and technology 
[1-6]. In this paper, we explore a possible role of electron attraction i  chemical bonding. 
Though it seems to be commonly thought hat electrons always repel, it must be pointed 
out immediately that there is no experimental evidence to support this behavior within any 
molecule [7]. 
H2 AND Li27 
Let us make clear at the start the mathematical nd computer methodology to be used by 
considering, in detail, the stable diatomic molecules H2 and Li~. 
The ground state energy of H2 is E ---- --(50.7289)10 -12 erg, its average bond length is d = 
0.742/~, and its average vibrational frequency is f = (1.318)1014 Hz [8]. In Cartesian three space, 
denote the electrons by P1 and P3 and the protons by P2 and P4. In cgs units, for i = 1, 2, 3, 4, 
and at any time t, let Pi be located at -ri = (xi,yi,z~), have velocity ~ = (J~,y~,~) and have 
acceleration a i  = (//~, ~)~, ~/~). Consider now classical Newtonian dynamical equations for P1 - P4 
under coulombic forces. This is allowable by the results of Gell-Mann and Hartle [9], who showed 
that for suitable conditions which yield a narrow wave function, Newton's equations provide 
dynamical approximations over short time periods. Of course, for periodic phenomena, which 
include d and f for H2, results for only the first period suffice to characterize these phenomena 
for all time. 
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The classical equations of motion for the P~ are then 
4 --. 
~ eiej r ij 
mi-di r?. ' i = 1, 2, 3, 4, (1) 
j=l z3 rij 
jTti 
in which 7j i  is the vector from Pj to Pi, rij = 117'ijll, and 
el = e3 = -e2 = -e4 = -(4.8028)10 -1° esu, 
ml = m3 = (9.1085)10-2Sg; m2 = m4 = (16724)10-2Sg. 
It is known [10] that numerical simulation of (1) from given initial data never yields correct results 
simultaneously for both the bond length and the vibrational frequency of H~. However, instead 
of allowing P1 and P3 to repel, assume that/91 and P3 attract. This requires only the change of 
sign of ele3 in (1) to -ele3. 
It is important to point out now that in any computer simulation of the motion of system P1 -P4 
from initial data, the ground state energy must be invariant hroughout the computation. The 
numerical method we use is just such a method [11]. It is of interest o note that all classical 
numerical methods, like Runge-Kutta nd predictor corrector methods, are not energy conserving 
because they do not use the correct potential function. Also with regard to calculation, for 
consistency we will give all formulas and data in cgs units, but will use the transformations 
-- 1012~ and T = 102~t for computer implementation. 
Observe that the classical energy equation for ground state H2, including electron attraction, 
is 
-(50.7289)10 -t2 = 2(9.1085)10-28 {v21 + v 2) + 1(16724)10-28 (v2 + v~) 
+(23.06689)10_20 ( 1 I 1 1 + 1 1 ) .  (2) 
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Figure 1. Initial configuration for H2. 
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Table 1. 
zl(10-12cm) x2(10-12cm) 
3000 25OO 
0 4000 3500 
0 5000 4500 
0 3000 4500 
0 4000 2500 
0 
1000 
1000 
5000 3500 
3000 2500 
4000 3500 
1000 5000 4500 
I000 3000 4500 
1000 4000 2500 
i000 5000 3500 
1500 3000 2500 
1500 4000 3500 
1500 5000 4500 
1500 3000 4500 
1500 4000 2500 
1500 5000 3500 
3000 3000 2500 
3000 4000 3500 
3000 5000 4500 
3000 3000 4500 
3000 4000 2500 
3000 5000 3500 
4500 3000 2500 
1000 2600 3800 
1000 3600 3650 
1000 3600 3950 
1000 3450 3800 
1000 3750 3800 
850 3600 3800 
1150 3600 3800 
1000 3500 3700 
1000 3600 3700 
3700 1000 3700 
d(h) f(1014Hz) 
0.7954 1.384 
0.7734 1.408 
0.7905 1.361 
0.7357 1.449 
0.8382 1.333 
0.8012 1.365 
0.8713 1.075 
0.7909 1.347 
0.7973 1.356 
0.8270 1.120 
0.9277 1.078 
0.8142 1.325 
0.9459 0.985 
0.8094 1.294 
0.8015 1.320 
0.8315 1.311 
1.0122 1.064 
0.8317 1.282 
1.2360 0.758 
0.9175 1.623 
0.8673 1.205 
0.8389 1.235 
1.2236 0.769 
0.9131 1.176 
Molecular Sepaxates 
0.7660 1.370 
0.7756 1.330 
0.7625 1.368 
0.7607 1.364 
0.7747 1.381 
0.7623 1.367 
0.7699 1.362 
0.7652 1.391 
0.7586 1.407 
0.7742 1.327 
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Mathemat ica l  b isect ion is now int roduced as follows. Assume a large set of in it ia l  pos i t ions for 
P1 - P4. Set v'2 = v'4 = 0, V'l = -v '3  -- (0, V, 0), and then for each case determine  posi t ive V 
f rom (2). Such a set of in it ia l  data  are l isted as Cases 1-25 in Tab le  1, in which we have chosen 
Yl = Y2 -~ Y3 -- Ya = 0, x l  = x3, x2 = -x4 ,  Zl = - z3 ,  z2 = z4 = 0 (see F igure  1). Numer ica l  
ca lcu lat ion  for each case in double precis ion on a 64 bit A lpha  275 personal  computer  yields 
the  approx imate  d iameters  and frequencies l isted in the  final co lumns of the  table.  Since the  
prob lem is to  determine  d and f s imultaneously,  Cases 8, 9, and 12, for example ,  are close to 
be ing w i th in  acceptab le  xper imenta l  error. Cases 26-34 in Table  1 are par t i cu lar  re f inements  
for subsequent  ca lcu lat ions which yield the  d and f approx imat ions  in the final co lumns.  Case 29 
yields the  acceptab le  values d = 0.7607/~, f = (1.364)1014 Hz, which are in error  2.5% and 3.5%, 
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Figure 2. Initial configuration for Li 7. 
respectively. The results of Case 34 are in error by 4.3% and 0.7%, respectively, which are also 
within acceptable rror bounds. 
Let us then turn to Li~, which is more complex than H2 in that  it has both first and second 
ring electrons. In extending the method for H2, the pr imary  concern is the t reatment  of this 
complexity. 
The ground state energy of Li 7 is (-325.89166)10 -12 erg, the binding energy of Li~ is 
(1.65006)10 -12 erg, the average bond length is (2.672)/~, and the average v ibrat ional  frequency 
is (0.105)1014 Hz [7]. The ground state energy of Li27 is then approx imate ly  ( -653.43338)10 -12 
erg. Let the nuclei be P1, P2 and the electrons be P3 - Ps. The Newtonian dynamica l  equations 
this t ime are 
8 eiej -~ji 
mi~= E 2 - - ,  j=l rij rji 
j~i 
/ = 1 ,e ,3 , . . . ,8 ,  (3) 
in which 
e3 = e4 = e5 = e6 = e7 = es = -(4.8028)10 - l °  esu; el = e2 = -3e3 ,  
m3 = m4 = m5 = m6 = m7 = ms = (9.1085)10 -2s g; ml  = m2 = 7(16724)10 -2s g. 
Next let us incorporate symmetr ies as follows (see Figure 2). Let nuclei P1,P2 be set sym- 
metr ica l ly  on the X axis. Let P3,P4 be the first ring electrons of P1 and Ps, P6 the first r ing 
electrons of P2- Let PT, Ps the bonding electrons, be set symmetr ica l ly  on the Z axis. I t  is now 
assumed that  P~, Ps att ract ,  so that  the term eTes in (3) is replaced by -ezes .  Init ial  data  are 
chosen so that  Xl ~- -x2 ,  x3 : x4 : z1, x5 : x6 : z2, $7 --- x8 : 0; yl = Y2 -- Y3 -- y4 = Y5 = 
Y6 = Yz =Ys  =0;  Zl = z2 =0,  za =-z4  = z5 =-z6  = (1860)10 -12 , zs =-zT .  The choice 
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(1860) 10 -12 cm follows from the known average lectron radius of Li + [12]. For initial velocities, 
we choose ~1 = ~2 = O, 33 = -v'4 = ~5 = -~6 = (0, (0.06328)101°, 0), ~7 = -~s  = (0, V, 0). 
The choice (0.06328)101° follows from energy conservation for ground state Li +, that is, from 
(_317.339)10 -12 _-- (9.1085)10-2Sv 2 + (23.06689)10 -20 ( 0 : ) 
(1860)10-12 + (3720)10-12 , 
since the ground state energy of Li + is -(317.339)10 -12 erg [13]. Once the parameters Xl and z7 
are prescribed, the value V for v'7 and ~s is determined from the energy equation for Li 7, just 
as the value V for H2 was determined from (2). 
Application of bisection to Li~ [14] yields (0.106)1014 Hz for frequency and 2.740/~ for bond 
length, which are in error by 1.0% and 2.5%, respectively. But we now indicate a final modification 
for the method. Keeping the same initial data determined above, we now simply incorporate the 
first ring electrons into their respective nuclei, thus reducing the nuclear charges to el -- e2 = 
(4.8028) 10-10 esu and modifying the masses m t, m2 insignificantly. Then, using the very same X l 
and z7 which yielded the result just described, the resulting four-body problem yielded the results 
(0.1051)1014 Hz and 2.667/~, which are in error by only 0.1% and 0.2%, respectively. 
Using only electron repulsion never yielded, simultaneously, results for d and f which were 
within acceptable rror bounds. 
EXTENSION TO OTHER GROUND STATE MOLECULES 
Using the basic ideas described for H2 and Li~, we now describe results obtained for a variety 
of other molecules. 
Consider the ground state, stable diatomic molecules B11, C2 ~2, N~ 4, and O16. Table 2 lists the 
average diameters and frequencies for these molecules [8]. The molecules are arranged initially 
as shown in Figures 3-6, respectively. In each figure, the nuclei are denoted by P1, P2, and the 
first ring electrons by P3 -P6.  For B 11 , the attracting pairs are (PT, Plo), (P8, Pll), (P9, P12). For 
C 12, the attracting pairs are (P7, Pl1), (Ps, P12), (Pg, P13), (Plo, P14). For N 14, the attracting pairs 
are (PT, P12), (Ps, P13), (P9, P14), (/)10, P15), (Pll, P16). Note that for these three molecules, the 
attracting pairs lie on opposite sides of the YZ plane and are separated maximally. For O~ 6, the 
attracting pairs are (P7, Pg), (Ps, Plo), (Pll, P13), (P12, P14), (/)15, P17), (P16, PlS). The triangles 
in Figure 3, the rectangles in Figure 4, and the pentagons in Figure 5 are regular figures which are 
parallel to the YZ plane. The dynamical approximations which resulted using bisection [14,15] 
are recorded in Table 2. All the results are within acceptable ranges, as the percentage rrors in 
the table indicate. 
Table 2. 
Experimental Results Computational Results 
d(A) f(1014Hz) d(/~) Error f(1014Hz) Error 
B 11 1.5890 0.315 1.5680 1.3% 0.315 0% 
C 12 1.3117 0.492 1.3127 0.1% 0.507 3% 
N 14 1.0940 0.708 1.1156 2.0% 0.699 1.3% 
016 1.2074 0.474 1.2598 4.3% 0.470 1% 
In a fashion entirely analogous to that for Li 7, the diameter and frequency of the simplest 
hydride, Li 7 H, which are 1.595 A and (0.4215)1014 Hz, were approximated [16] to be 1.540_~ and 
(0.4316)1014 Hz, which are in error by 3.4% and 2.4%, respectively. 
Consider next a ground state water molecule M1 whose oxygen nucleus is denoted by O1. 
As shown in Figure 7, let M2 - M5, with respective nuclei 02 - 05, be four neighbors of M1. 
Assume that M1 - M5 are water molecules in ice I [17,18]. From the crystal structure of ice I, 
let 02 - 05 be vertices of a regular tetrahedron with O1 at its centroid, as shown in Figure 7. 
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Figure 5. Initial configuration for N214. 
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In each M~, let the two hydrogen nuclei be Hij, i = 1,2,3,4,5; j = 1,2. Experimentally 
[17-19], it is known that the distance from O1 to each of 02 - 05 is 2.76/~, and that on each line 
joining O1 to 02, 03, Oa, 05 there is exactly one Hij. One such possible arrangement is shown in 
Figure 7. Let us then approximate the coulombic effect of M2 - M5 on M1. Consider, say, the 
effect of M2 on M1. As shown in Figure 8, let M2 be a static Duncan and Pople molecule [17]. 
Let Q1 be the oxygen molecule, Q2, Q3 the protons, and Qa - Q7 negative charges. In terms of 
e = (4.8028)10 - l°  esu, the Duncan and Pople molecule assigns charges C(Q1) = 6e, C(Q2) = 
C(Q3) = e,C(Q4) = C(Q5) = C(Q6) = C(QT) = -2e. Now set a hypothetical particle of unit 
charge e at Qs = (2.18, 0, 1.69), in the coordinate system of Figure 8. In this way, the distance 
between Q1 and Qs is 2.76/~. Then the effective force of Q1 - Q7 on Qs is 0.06e2(10) 16, so that 
we can and do replace M2 by a single point source charge at O2 of C1 = 0.45e. Similarly, M3 
is replaced by a single point source charge at 03 of C1 = 0.45e. On the other hand, analogous 
reasoning allows the replacement of M4 and M5 by point charges at 04 and 05 with charges 
C2 = -0.23e. 
Next, O1 and 02 - O5 are fixed. Into this rigid, skeletal arrangement are inserted the protons 
and electrons of M1 and they are allowed to move dynamically. Each electron of a hydrogen 
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Figure 8. M2 as a static Duncan and Pople molecule. 
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Figure 9. Ice I equilibrium dimensions derived from NMR measurements and shown 
as a shaded strip. 
atom is paired by attraction with an oxygen electron, and the motion of the system is simulated 
numerically. Most importantly, observe that experimental NMR results [17] for ice I reveal that 
the bond angles and bond lengths of H20 do vary, but only within the shaded region shown in 
Figure 9. We then chose initial data in accord with the positions A, B, C, and D in Figure 9 [20]. 
The variation of bond angle and bond length, when initially in the shaded region, shown by 
the trajectories AA' and CC', remain in the shaded region. When below the shaded region, 
movement into the shaded region follows, as indicated by the trajectory BB'. When above the 
shaded region, the movement is away from the shaded region, as indicated by the trajectory DD I. 
These results are entirely consistent with the NMR results. 
In a fashion similar to that for the water molecule, a simulation of the methane molecule CH4 
resulted in an HCH bond angle of 109.63 ° and a bond length of 1.093/~ [20]. The experimental 
values are 109.5 ° and 1.095 A. In this case all four H electrons were paired with C electrons. 
Water and methane were treated similarly because both are "puckered" molecules. 
Finally, note that in every case discussed in this section, the assumption that electrons always 
repel never yielded correct results. 
THE F IRST  EXCITED STATE OF H 2 
The first excited state of H2, that is, the 1 -t- ~]u state, has d = 1.2927/~, f = (0.4070)1014, Hz, 
and energy E = (-32.51536)10 -12 erg [8]. The dynamical equations are taken again to be those 
for H2 with the ele3 in replaced by -ele3. The lack of symmetry requires exceptionally accurate 
numerical simulation. Over 100 sets of initial data were studied with extensive bisection. From 
these, the following set of initial data emerged: 
Xl = (0.7250)lO-Scm, 
Y] = O, 
zl = (3.6)lO-Scm, 
Xl  = O, 
10 Yl = (0.0126973838)10 cm/s, 
zl =0,  
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x2 =(0.7250)10-Scm, 
Y2 ----0, 
z2 = O, 
x3 = -(0.7250)10-Scm, 
Y3 =0,  
z3=(0.5300)10-Scm, 
x4=- (O.7250) lO-Scm,  
Y4 =0,  
z4 =0,  
X 2 = 
Y2 = 
Z 2 ---- 
X 3 ---- 
Y3 - -  
Z 3 ---- 
X4 ---- 
Y4 ---- 
Z 4 ---- 
O, 
0, 
0, 
0, 
(0.0219)101°cm/s, 
0, 
0, 
0, 
0. 
The original distance between P2 and P4 was (1.4500)10 -s cm. The dynamics quickly yielded 
a maximum distance of (1.4509)10 -s cm and then a minimum of (0.9198)10 -s cm. When this 
minimum was reached, we took the resulting positions and velocities to be a new set of initial 
data. These were 
Xl = (-0.140990053737)10-Scm, 
Yl = (-0.280096212959)10-Scm, 
Zl = (3.708375875130)10-Scm, 
x2 = (0.454794783095)10-Scm, 
Y2 = (0.049205314401) 10-scm, 
z2= (0.055241757524)10-8cm, 
x3 = (-0.100477079098)10-Scm, 
y3 = (-0.067299845721)10-Scm, 
z3= (-0.487759128996)10-Scm, 
x4 = (-0.454663271294)10-Scm, 
y4 = (0.131876654753)10-Scm, 
z4= (-0.054746474262)10-Scm, 
Xl : (0.06116248586)101°cm/s, 
Yl = (0.01203025741)101°cm/s, 
zl = (0.00533622227)101°cm/s, 
x2 = (-0.00000565964)101°cm/s, 
Y2 = (0.00000551882)101°cm/s, 
z2 = (0.00000976669)101°cm/s, 
x3 = (0.00548586693)101°cm/s, 
Y3 = (-0.01892571304)101°cm/s, 
z3 = (0.00476896279)101°cm/s, 
x4 = (-0.00000068448)101°cm/s, 
Y4 = (0.00001707969)101°cm/s, 
z4 = (-0.00001527034)101°cm/s. 
With these data as initial data, the initial distance between P2 and P4 is 0.9198/~. Computer 
simulation with a variable time step yields monotonic increasing values of this distance to a 
maximum value of 1.5836/~ at t = (1.24)10-14s [21]. From this half period, we extrapolated to 
yield d = (1/2)(0.9198 + 1.5836) = 1.2517/~ and f = 1/((2.48)10 -14) = (0.4032)1014 Hz, which 
are in error by 3.2% and 0.9%, respectively. 
SUMMARY 
We have shown that for the ground state molecules H2,Li~, 1:111 (~12 NT14 CI16 Li7H, CH4, ~2 ,~2 , ~'2 ,v2  , 
and H20, and for the first excited state of H2, inclusion of electron attraction into a classical 
dynamical formulation leads in each case to correct bond lengths, correct vibrational frequencies, 
and, where significant, to correct bond angles. The assumption that electrons always repel never 
yielded correct results. 
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